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MRP-Related ABC Transporte r 
Encoding Nucleic Acids and Methods of Use Thereof 



Pursuant to 35 U.S.C. §202 (c) it is acknowledged that 
the U.S. Government has certain rights in the invention 
described herein, which was made in part with funds from 
the National Institutes of Health, Grant Numbers, CA63173 
and CA06927 . 

FIELD OF THE INVENTION 

The present invention relates to the fields of 
medicine and molecular biology. More specifically, the 
invention provides nucleic acid molecules and proteins 
encoded thereby which are involved in the development of 
resistance to pharmacological and chemotherapeutic agents 
in tumor cells. 

BACKGROUND OF THE INVENTION 

Several publications are referenced in this 
application in parentheses in order to more fully describe 
the state of the art to which this invention pertains. 
The disclosure of each of these publications is 
incorporated by reference herein. 

P-glycoprotein, the product of the MDR1 gene, was the 
first ABC transporter shown to confer resistance to 
cytotoxic agents. Pgp functions as an ATP-dependent 
efflux pump that reduces the intracellular concentration 
of a variety of chemotherapeutic agents by transporting 
them across the plasma membrane (1) . The multidrug 
resistance phenotype associated with overexpression of Pgp 
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is of considerable clinical interest because natural 
product drugs are second only to alkylating agents in 
clinical utility, and many effective chemotherapeut ic 
regimens contain more than one natural product agent. 
More recently, we and others have reported transaction 
studies indicating that MRP, another ABC family 
transporter, confers a multidrug resistance phenotype that 
includes many natural product drugs, but is distinct from 
the resistance phenotype associated with Pgp (2-6) . MRP 
shares only limited amino acid identity with Pgp, and this 
is reflected in the different substrate specificities of 
the two transporters. In contrast to Pgp, MRP can 
transport a wide range of anionic organic conjugates, 
including glutathione S-conjugates (7) . In addition to 
Pgp and MRP there may be other transporters that are 
involved in cytotoxic drug resistance. In the case of 
natural product drugs, resistant cell lines have been 
described that display a multidrug resistant phenotype 
associated with a drug accumulation deficit, but do not 
overexpress Pgp or MRP (8) . ABC transporters have also 
been linked to cisplatin resistance, and several lines of 
evidence suggest the possibility that pumps specific for 
organic anions may be involved: 1) decreased cisplatin 
accumulation is consistently observed in cisplatin 
resistant cell lines (9); 2) cisplatin is conjugated to 
glutathione in the cell, and this anionic conjugate is 
toxic in an in vitro biochemical assay (10) ; and 3) 
biochemical studies using membrane vesicle preparations 
have shown that cisplatin resistant cells lines have 
enhanced expression of an ATP-dependent transporter of 
CDDP-glutathione and other glutathione S-conjugates such 
as the cystinyl leukotriene LTC 4 (11, 12). These data thus 
suggest that an organic anion transporter may contribute 
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to cisplatin resistance by exporting CDDP-glutathione . 
While MRP is an organic anion transporter, the reported 
drug resistance profile of MRP- transf ected cells does not 
extend to this agent (5, 6), and to date only one 
cisplatin- resistant cell line has been reported to 
overexpress MRP (13). This suggests that organic anion 
transporters other than MRP may contribute to cisplatin 
resistance. Consistent with this possibility, the 
canalicular multispecif ic organic anion transporter, 
cMOAT , an MRP-related transporter that functions as the 
major organic anion transporter in liver, has been 
reported to be overexpressed in cisplatin resistant cell 
lines (14, 15) . A more direct link between cMOAT and 
cytotoxic drug resistance is suggested by a recent report 
in which transfection of a cMOAT antisense construct into 
a liver cancer cell line resulted in sensitization to 
cisplatin, daunorubicin and other cytotoxic agents (16) . 

Clearly, a need exists for identifying the essential 
components and mechanisms giving rise to drug resistance 
and the transport of anticancer agents out of the tumor 
cell. The elucidation of these mechanisms may be used to 
advantage for the design of efficacious chemotherapeutic 
agents . 

SUMMARY OF THE INVENTION 

This invention provides novel, biological molecules 
useful for identification, detection, and/or molecular 
characterization of components involved in the acquisition 
of drug resistance in tumor cells. According to one 
aspect of the invention, an isolated nucleic acid molecule 
is provided which includes a sequence encoding a protein 
transporter of a size between about 13 0 0 and 13 50 amino 
acids in length. The encoded protein, referred to herein 
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as MOAT - B , comprises a multi- domain structure including a 
tandem repeat of nucleotide binding folds appended 
C- terminal to a hydrophobic domain that contains several 
potential membrane spanning helices. Conserved Walker A 
and B ATP binding sites are present in each of the 
nucleotide binding folds. 

In a preferred embodiment of the invention, an 
isolated nucleic acid molecule is provided that includes a 
cDNA encoding a human MOAT-B protein. In a particularly 
preferred embodiment, the human MOAT-B protein has an 
amino acid sequence the same as Sequence I.D. No. 2. An 
exemplary MOAT-B nucleic acid molecule of the invention 
comprises Sequence I.D. No. 1. 

According to another aspect of the invention, a 
second isolated nucleic acid molecule is provided which 
includes a sequence encoding a transporter between about 
1400 and 1450 amino acids. The encoded protein, referred 
to herein as MOAT-C contains a multi -domain structure 
including a tandem repeat of nucleotide binding folds 
appended C- terminal to a hydrophobic domain that contains 
.several potential membrane spanning helices. Conserved 
Walker A and B ATP binding sites are present in each of 
the nucleotide binding folds. While similar in structure 
to MOAT-B described above, MOAT-C contains distinct 
sequence differences. 

In a preferred embodiment of the invention, an 
isolated nucleic acid molecule is provided that includes a 
cDNA encoding a human MOAT-C protein. In a particularly 
preferred embodiment, the human MOAT-C protein has an 
amino acid sequence the same as Sequence I.D. No. 4. An 
exemplary MOAT-C nucleic acid molecule of the invention 
comprises Sequence I.D. No. 3. 

According to yet another aspect of the invention, an 
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isolated nucleic acid molecule is provided which includes 
a sequence encoding a protein of a size between about 1500 
and 1550 amino acids in length. The encoded protein, 
referred to herein as MOAT jD , contains a multidomain 
structure including an N- terminal hydrophobic extension 
which harbors five transmembrane spanning helices. 

In a preferred embodiment of the invention, an 
isolated nucleic acid molecule is provided that includes a 
cDNA encoding a MOAT - D protein. In a particularly 
preferred embodiment, the human MOAT-D protein has an 
amino acid sequence the same as Sequence I.D. No. 6. An 
exemplary MOAT-D nucleic acid molecule of the invention 
comprises Sequence I.D. No. 5. 

According to yet another aspect of the invention, an 
isolated nucleic acid molecule is provided which includes 
a sequence encoding a protein of a size between about 14 80 
and 153 0 amino acids in length. The encoded protein, 
referred to herein as MOAT-E, contains a multidomain 
structure including an N- terminal hydrophobic extension 
'which harbors several transmembrane spanning helices. 
While similar in structure to MOAT-D described above, 
MOAT-E contains distinct sequence differences. 

In a preferred embodiment of the invention, an 
isolated nucleic acid molecule is provided that includes a 
cDNA encoding a MOAT-E protein. In a particularly 
preferred embodiment, the human MOAT-E protein has an 
amino acid sequence the same as Sequence I.D. No. 8. An 
exemplary MOAT-E nucleic acid molecule of the invention 
comprises Sequence I.D. No. 7. 

According to another aspect of the present invention, 
an isolated nucleic acid molecule is provided, which has a 
sequence selected from the group consisting of: (1) 
Sequence I.D. No. 1; (2) a sequence specifically 
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hybridizing with preselected portions or all of the 
complementary strand of Sequence I.D. No. 1 comprising 
nucleic acids encoding amino acids 1-1154 of Sequence ID 
No. 2; (3) a sequence encoding preselected portions of 
Sequence I.D. No. 1 within nucleotides 1-3462, (4) 
Sequence I.D. No. 3; (5) a sequence specifically 
hybridizing with preselected portions or all of the 
complementary strand of Sequence I.D. No. 3 comprising 
nucleic acids encoding amino acids 1-442 of Sequence ID 
No. 4; (6) a sequence encoding preselected portions of 
Sequence I.D. No. 3 within nucleotides 1-1326, (7) 
Sequence I.D. No. 5; (8) a sequence specifically 
hybridizing with preselected portions or all of the 
complementary strand of Sequence I.D. No. 5 comprising 
nucleic acids encoding amino acids 1-1036 of Sequence ID 
No. 6; (9) a sequence encoding preselected portions of 
Sequence I.D. No. 5 within nucleotides 1-3108, (1) 
Sequence I.D. No. 7; (2) a sequence specifically 
hybridizing with preselected portions or all of the 
complementary strand of Sequence I.D. No. 7 comprising 
nucleic acids encoding amino acids 1-998 of Sequence ID 
No. 8; (3) a sequence encoding preselected portions of 
Sequence I.D. No. 7 within nucleotides 1-300. 

Such partial sequences are useful as probes to 
identify and isolate homologues of the MOAT genes of the 
invention. Additionally, isolated nucleic acid sequences 
encoding natural allelic variants of the nucleic acids of 
Sequence I.D. Nos . , 1, 3, 5 and 7 are also contemplated to 
be within the scope of the present invention. The term 
natural allelic variants will be defined hereinbelow. 

According to another aspect of the present invention, 
antibodies immunologically specific for the human MOAT 
proteins described hereinabove are provided. 
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In yet another aspect of the invention, host cells 
comprising at least one of the MOAT encoding nucleic acids 
are provided. Such host cells include but are not limited 
to bacterial cells, fungal cells, insect cells, mammalian 
cells, and plant cells. Host cells overexpressing one 
or more of the MOAT encoding nucleic acids of the 
invention provide valuable research tools for assessing 
transport of chemotherapeut ic agents out of cells. 
MOAT expressing cells also comprise a biological system 
useful in methods for identifying inhibitors of the MOAT 
transporters. 

Another embodiment of the present invention 
encompasses methods for screening cells expressing MOAT 
encoding nucleic acids for chemotherapy resistance. Such 
methods will provide the clinician with data which 
correlates expression of a particular MOAT genes with a 
particular chemotherapy resistant phenotype . 

Diagnostic methods are also contemplated in the 
present invention. Accordingly, suitable oligonucleotide 
probes are provided which hybridize to the nucleic acids 
of the invention. Such probes may be used to advantage in 
screening biopsy samples for the expression of particular 
MOAT genes. Once a tumor sample has been characterized as 
to the MOAT gene(s) expressed therein, inhibitors 
identified in the cell line screening methods described 
above may be administered to prevent efflux of the 
beneficial chemotherapeut ic agents from cancer cells. 

The methods of the invention may be applied to kits. 
An exemplary kit of the invention comprises MOAT gene 
specific oligonucleotide probes and/or primers, MOAT 
encoding DNA molecules for use as a positive control, 
buffers, and an instruction sheet. A kit for practicing 
the cell line screening method includes frozen cells 
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comprising the MOAT genes of the invention, suitable 
culture media, buffers and an instruction sheet. 

In a further aspect of the invention, transgenic 
knockout mice are disclosed. Mice will be generated in 
which at least one MOAT gene has been knocked out. Such 
mice will provide a valuable in biological system for 
assessing resistance to chemotherapy in an in vivo tumor 
model. i 

Various terms relating to the biological molecules of 
the present invention are used hereinabove and also 
throughout the specification and claims. The terms 
"percent similarity" and "percent identity (identical)" 
are used as set forth in the UW GCG Sequence Analysis 
program (Devereux et al . NAR 12:387-397 (1984)). 

With reference to nucleic acids of the invention, the 
term "isolated nucleic acid" is sometimes used. This 
term, when applied to DNA, refers to a DNA molecule that 
is separated from sequences with which it is immediately 
contiguous (in the 5' and 3' directions) in the naturally 
occurring genome of the organism from which it originates. 
For example, the "isolated nucleic acid" may comprise a 
DNA or cDNA molecule inserted into a vector, such as a 
plasmid or virus vector, or integrated into the genomic 
DNA of a prokaryote or eukaryote . 

With respect to RNA molecules of the invention, the 
term "isolated nucleic acid" primarily refers to an RNA 
molecule encoded by an isolated DNA molecule as defined 
above. Alternatively, the term may refer to an RNA 
molecule that has been sufficiently separated from RNA 
molecules with which it would be associated in its natural 
state (i.e., in cells or tissues), such that it exists in 
a "substantially pure" form (the term "substantially pure" 
is defined below) . 
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With respect to protein, the term "isolated protein" 
or "isolated and purified protein" is sometimes used 
herein. This term' refers primarily to a protein produced 
by expression of an isolated nucleic acid molecule of the 
invention. Alternatively, this term may refer to a 
protein which has been sufficiently separated from other 
proteins with which it would naturally be associated, so 
as to exist in "substantially pure" form. 

The term "substantially pure" refers to a preparation 
comprising at least 50-60% by weight the compound of 
interest (e.g., nucleic acid, oligonucleotide, protein, 
etc.). More preferably, the preparation comprises at 
least 75% by weight, and most preferably 90-99% by weight, 
the compound of interest. Purity is measured by methods 
appropriate for the compound of interest (e.g. 
chromatographic methods, agarose or polyacrylamide gel 
electrophoresis, HPLC analysis, and the like). With 
respect to antibodies of the invention, the term 
"immunologically specific" refers to antibodies that bind 
to one or more epitopes of a protein of interest (e.g., 
MOAT - B , MOAT-C or MOAT-D) , but which do not substantially 
recognize and bind other molecules in a sample containing 
a mixed population of antigenic biological molecules. 

With respect to nucleic acids and oligonucleotides, 
the term "specifically hybridizing" refers to the 
association between two single-stranded nucleotide 
molecules of sufficiently complementary sequence to permit 
such hybridization under pre -determined conditions 
generally used in the art (sometimes termed "substantially 
complementary") . when used in reference to a double 
stranded nucleic acid, this term is intended to signify 
that the double stranded nucleic acid has been subjected 
to denaturing conditions, as is well known to those of 
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skill in the art. In particular, the term refers to 
hybridization of an oligonucleotide with a substantially 
complementary sequence contained within a single-stranded 
DNA or RNA molecule of the invention, to the substantial 
exclusion of hybridization of the oligonucleotide with 
single-stranded nucleic acids of non- complementary 
sequence. 

One common formula for calculating the stringency 
conditions required to achieve hybridization between 
nucleic acid molecules of a specified sequence homology 
(Sambrook et al . , 1989): 

T m = 81.5°C + 16.6Log [Na+] + 0.41 (% G+C) - 0.63 (% formamide) - 
600/#bp in duplex 

As an illustration of the above formula, using [Na+] 
= [0.368] and 50% formamide, with GC content of 42% and an 
average probe size of 200 bases, the T m is 57°C. The T m of 
a DNA duplex decreases by 1 - i. 5 °C with every 1% decrease 
in homology. Thus, targets with greater than about 75% 
sequence identity would be observed using a hybridization 
temperature of 42 °C. Such sequences would be considered 
substantially homologous to the nucleic acid sequences of 
the invention. 

The nucleic acids, proteins, antibodies, cell lines, 
methods, and kits of the present invention may be used to 
advantage to identify targets for the development of novel 
agents which inhibit the aberrant transport of cytoxic 
agents out of tumor cells. The transgenic mice of the 
invention may be used an in vivo model for chemotherapy, 
resistance . 

The human MOAT molecules methods and kits described 
above may also be used as research tools and will 
facilitate the elucidation of the mechanism by which tumor 
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BRIEF DESCRIPTION OF THE DRAWINGS 

^J>^~- Fi 9ure 1 shows the predicted structure of MOAT - B and 

/ith i 
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comparison wj 
identical amine 
conserved amine 
The overbars ir 



segments as predicted by the TMAP program. The first and 



second nucleoti 
indicated by he 



class of MOAT - B 
ILQKKLSTYWSH 



human MRP. The vertical lines indicate 
acids and the vertical dots indicate 
acids. Gaps are indicated by periods, 
dicate potential transmembrane spanning 



de binding folds (NBF 1 and NBF 2) are 
rizontal arrows. The C-terminal 34 amino 



acids (residues 1291 - 1325) are replaced in the second 



cDNA clones by the following amino acids: 
The Alignment was performed using the GAP 
program (gap weight 3.0, length weight 0.1) in the 
Genetics Computer Group Package. H. MRP: human MRP. 




Figures 2A and i2B depict a comparison of the 
nucleotide binding f|plds and hydropathy profile of MOAT-B 

ukaryotic ABC transporters. Fig. 1A 
of the nucleotide binding folds of 



with those of other 
shows the comparison 



MOAT-B. Amino acids that are identical to those of MOAT-B 



are shaded, and gaps 
and B motifs, and the 



sequence C, are underlined. Amino acid positions are 



indicated to the righ 
using the P1LEUP prog 
0.1) in the Genetics 
shows a comparison of 
facilitate comparison 
the N-terminal nucleo 
in register. NBF • s a 



are indicated by periods. Walker A 
ABC transporter family signature 



:. Amino acid sequences were aligned 
ram (gap weight 3.0, length weight - 
Computer Group Package . Fig . IB 
the MOAT-B hydropathy profile. To 
the proteins are aligned so that 
tide binding folds (NBF) are roughly 
::e indicated by bars. Values above 
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and below the 



lorizontal lines indicate hydrophobic and 
hydrophilic regions, respectively. Hydrophobic ity plots 



were generated 
window of 7 re 
multidrug -as so 
mul ti specific 



using the Kyte-Doolittle algorithm with a 
sidues. The transporters shown are: human 
Driated protein, H. MRP (P33529) ; human 
organic anion transporter, H. MOAT (U63970) ; 
Saccharomyces /cerevisiae yeast cadmium factor 1, s. YCF1 
(P39109) ; ra| sulfonylurea receptor, R. SUR (Q09427) ; 
human cystic fibrosis transmembrane conductance regulator, 



H. CFTR (M2 8 6 
(P21441) and 



68) ; Leishmania P-glycoprotein, L. PgpA 
human mdrl gene product, H. MDR1 (P08183) . 



Accession numbers are shown in parentheses. 

Figure 3 is a Northern blot showing the tissue 
distribution of MOAT-B transcript. Membranes containing 
poly (A) + RNA prepared from human tissues were hybridized 
with a radiolabeled MOAT-B or GAPDH probe. Top panels 
show MOAT-B transcript and bottom panels show the control 
GAPDH transcript. Arrows indicate the position of MOAT-B 
transcript. Prolonged exposure of the film revealed a low 
level signal in liver. 



Figure 4 shows the chromosomal localization of the 
gene encoding MOAT-B. Human metaphase spreads were 
hybridized with a biot in- labeled MOAT-B cDNA probe and 
detected by 'FITC-conj ugated avidin. Hybridization signals 
at chromosome 13q32 in two metaphase spreads are indicated 
by arrows. The inset shows paired hybridization signals 
at band q3 2 of chromosome 13 from three other metaphase 
spreads . 




Figures 5A and 5B show the predicted structures of 



MOAT-C and MOAT-D. 



Fig. 5A presents the structure of 
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MOAT-C. Fig. 511 shows the structure of MOAT - D . Numbered 
overbars indicc te potential transmembrane spanning 
helices. Horizontal arrows indicate the positions of the 

(NBF1) and C-terminal (NBF2) nucleotide 
Walker A and B motifs, and the ABC 



amino terminal 
binding folds 



Bullets indicat 
glycosylation 



transporter fanily signature sequence C are underlined 



:e the positions of potential N-linked 
sites that are conserved with previously 
reported N-glyfcosylat ion sites in MRP. The indicated 
MOAT-C transmembrane spanning helices were predicted using 
the TMAP progJam and an input alignment of MOAT-B and 
MOAT-C. The indicated MOAT-D transmembrane helices are 
based upon inspection of an alignment with MRP. 




& ^ Fiaures 6A anri *p, sho w a comparison of the nucleotide 
binding folds and hydropathy profiles of MOAT-C and MOAT-D 
with those of other re! ated ABC transporters. Fig. 6A 
depicts the comparison of the nucleotide binding folds. 
The alignment was produced using the PILEUP command (gap 
weight 3.0, length weight 0.1) in the Genetics Computer 

1. Amino acid positions conserved 
proteins are shaded. Periods 
ignment. Walker A and B , and the 
signature sequence C are indicated 
shows the comparison of hydropathy 
e comparisons, gaps were introduced 
at the N- termini of sone proteins in order to bring the 
first nucleotide binding folds into register. Nucleotide 
binding folds are indicated by bars. Values above and 
below the horizontal l:.nes indicate hydrophobic and 
hydrophilic regions, respectively. Hydrophobic! ty plots 



Group Package Version i 
in at least 4 of the 8 
indicate gaps in the a! 
ABC transporter family 
by underbars . Fig . 6A 
profiles. To facilital 



were generated using t 
window of 7 residues 



le Kyte-Doolittle algorithm with a 
Accession numbers are as follows: 
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MRP, P3352&; cMOAT , U63970, SUR, Q09428; CFTR ( P-13569; 
MDR1, P081B3. 



Figure 7 is a Northern blot showing the tissue 
distribution of MOAT-C and MOAT - D transcripts. Blots 
containing poly A + RNA prepared from various human tissues 
were hybridized with MOAT-C, MOAT-D and actin probes. 
Arrows indicate the position of the MOAT-C (top panel) and 
MOAT-D (middle panel) transcripts. The bottom panel shows 
the control actin transcript. 

Figures 8A and 8B show the chromosomal localization 
of the MOAT-C and MOAT-D genes. Human metaphase spreads 
were hybridized with a biotin- labeled MOAT-C and MOAT-D 
cDNA probes and detected by FITC- conjugated avidin. Fig. 
8A shows the localization of MOAT-C. Hybridization 
signals at chromosome 3q2 7 in two metaphase spreads are 
indicated by arrows (top) . The inset shows paired 
hybridization signals at band q2 7 of chromosome 3 from 
three other metaphase spreads. Fig. 8B shows the 
localization of MOAT-D. Hybridization signals at 
chromosome 17q21-22 in two metaphase spreads^re indicated 
by arrows (top) . The inset shows paired hybridization 
signals at band q21-22 of chromosome 17 from three other 
metaphase spreads . 

j£^J^> Figure 9 shojks predicted amino acid sequence of MOAT- 
E. Also shown arfe the location of the potential 
transmembrane helices (overbars) , the potential N- 

(black dot) and the two nucleotide 
jFl and NBF2) . Walker A and B motifs, as 
well as the signature C motif of ABC transporters, are 
also indicated 




glycosylation sit 
binding folds (N 
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Figure 10 shows a comparison of the hydropathy 
profile of MOAT - E with other members of the MRP-cMOAT 
subfamily. The profile reveals that MOAT - E has a 
hydrophobic N-terminal segment which is absent in MOAT - B 
and MOAT-C. 

Figure 11 is a RNA blot which reveals that MOAT-E is 
expressed only in the liver and the kidney, suggesting 
that MOAT-E may participate in the excretion of substance 
into urine and bile. The lower panel shows hybridization 
of an act in probe to assess RNA loading. 

Figures 12A-12J show the cDNA (SEQ ID NO: 1) and 
amino acid sequences (SEQ ID NO: 2) encoded by MOATB . 

Figures 13A-13K show the cDNA (SEQ ID NO: 3) and 
amino acid sequences (SEQ ID NO: 4) encoded by MOATC. 

Figures 14A-14K show the cDNA (SEQ ID NO : 5) and 
amino acid sequences (SEQ ID NO: 6) encoded by MOATD. 

Figures 15A-15K show the cDNA (SEQ ID NO: 7) and 
amino acid sequences (SEQ ID NO: 8) encoded by MOATE . 



DETAILED DESCRIPTION OF THE INVENTION 

MRP and cMOAT are closely related mammalian ABC 
transporters that export organic anions from cells. 
Transfection studies have established that MRP confers 
resistance to natural product cytotoxic agents, and recent 
evidence suggests the possibility that cMOAT may 
contribute to cytotoxic drug resistance as well. Based 
upon the potential importance of these transporters in 
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clinical drug resistance, and their important 
physiological roles in the export of the amphiphilic 
products of phase I and phase II metabolism, we sought to 
identify other MRP-related transporters. Using a 
degenerate PGR approach, a cDNA molecule was isolated 
which encodes a novel ABC transporter designated herein as 
MOAT - B . The MOAT - B gene was mapped using fluorescence in 
situ hybridization to chromosome band 13g32 . Comparison 
of the MOAT - B predicted protein with other transporters 
revealed that it is most closely related to MRP , cMOAT , 
and the yeast organic anion transporter YCF1 . While 
MOAT-B is closely related to these transporters, it is 
distinguished by the absence of approximately 200 amino 
acid N-terminal hydrophobic extension that is present in 
MRP and cMOAT, and which is predicted to encode several 
transmembrane spanning segments. In addition, the MOAT-B 
tissue distribution is distinct from MRP and cMOAT . In 
contrast to MRP, which is widely expressed in most 
tissues, including liver, and cMOAT, whose expression is 
largely restricted to liver, the MOAT-B transcript is 
widely expressed, with particularly high levels in 
prostate, but is barely detectable in liver. These data 
indicate that MOAT-B is a ubiquitously expressed 
transporter that is closely related to MRP and cMOAT, and 
indicate that it is an organic anion pump relevant to 
cellular detoxification. 

Three additional MRP/ cMOAT- related transporters, 
MOAT-C, MOAT-D and MOAT-E are also disclosed herein/ 
MOAT-C encodes a 1437 amino acid protein that is most 
closely related to MRP, cMOAT and MOAT-B, among eukaryotic 
transporters (33% - 37% identity) . However, based upon 
amino acid identity, MOAT-C is considerably less related 
to MRP and cMOAT than the latter transporters are to each 
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other (48% identity) . In addition, the MOAT-C topology is 
distinct from that of MRP and cMOAT in that it, like 
MOAT - B , lacks an N- terminal transmembrane spanning domain. 
MOAT-D encodes a 1530 amino acid transporter that is 
highly related to MRP (57% identity) and cMOAT (47% 
identity) . MOAT-E encodes 1503 amino acid transporter 
that is highly related to MOAT-D, MRP and cMOAT (39-45% 
identity). The topology of MOAT-D and MOAT-E are quite 
similar to MRP and cMOAT, in that they have an N-terminal 
hydrophobic extension that is predicted to harbor five 
transmembrane spanning helices. MOAT-C and MOAT-D were 
mapped to chromosome bands 3q27 and 17q21-22, 
respectively, by fluorescence in situ hybridization. 

The expression patterns of MOAT-C, MOAT-D and MOAT-E 
are distinct from those of MRP , cMOAT and MOAT-B. MOAT-C 
transcript is widely expressed, with highest levels in 
skeletal muscle, kidney and testis, but is expressed at 
barely detectable levels in liver and lung. MOAT-D 
transcript has a more restricted expression pattern, with 
high levels in colon, pancreas, liver and kidney. Data 
presented herein reveal that MOAT-E expression is 
restricted to liver and kidney. 

Based upon degree of amino acid identity, and protein 
topology, the MRP-related transporters fall into two 
groups, with the first group consisting of MRP, cMOAT , 
MOAT-D and MOAT-E, and the second group consisting of 
MOAT-B and MOAT-C. The isolation of MOAT-C, MOAT-D and 
MOAT-E thus helps to define the MRP/cMOAT subfamily. The 
high degree of amino acid identity and topological 
similarity of MOAT-D and MOAT-E to MRP and cMOAT suggest 
that they function as organic anion transporters, and play 
a role in cytotoxic drug resistance. In contrast, the 
lower degree of amino acid identify and distinct topology 



WO 99/49735 PCTYUS99/06644 

of MOAT - B and MOAT-C suggest the possibility that their 
substrate specificities and functions may be distinct from 
that of MRP, cMOAT , MOAT - D and MOAT - E . 

The compositions, methods, kits and transgenic mice 
of the invention. disclosed herein will facilitate the 
identification of drugs that cripple the ability of MOAT 
genes and proteins encoded thereby to effect the efflux of 
clinically beneficial pharmacological agents in malignant 
cells . 



I. Preparation of MOAT -Encoding Nucleic Acid Molecules, 
MOAT Proteins, and Antibodies Thereto 
A. Nucleic Acid Molecules 

Nucleic acid molecules encoding the MOAT proteins of 
the invention may be prepared by two general methods: (l) 
synthesis from appropriate nucleotide triphosphates, or 
(2) isolation from biological sources. Both methods 
utilize protocols well known in the art. The availability 
of nucleotide sequence information, such as cDNAs having 
Sequence I.D. Nos . 1, 3, 5, or 7 enables preparation of an 
isolated nucleic acid molecule of the invention by 
oligonucleotide synthesis. Synthetic oligonucleotides may 
be prepared by the phosphoramidite method employed in the 
Applied Biosystems 38A DNA Synthesizer or similar devices. 
The resultant construct may be purified according to 
methods known in the art, such as high performance liquid 
chromatography (HPLC) . Long, double- stranded 
polynucleotides, such as a DNA molecule of the present 
invention, must be synthesized in stages, due to the size 
limitations inherent in current oligonucleotide synthetic 
methods. Thus, for example, a 5 kb double- stranded 
molecule may be synthesized as several smaller segments of 
appropriate complementarity. Complementary segments thus 
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produced may be annealed such that each segment possesses 
appropriate cohesive termini for attachment of an adjacent 
segment. Adjacent segments may be ligated by annealing 
cohesive termini in the presence of DNA ligase to 
construct an entire 5 kb double -stranded molecule. A 
synthetic DNA molecule so constructed may then be cloned 
and amplified in an appropriate vector. 

Nucleic acid sequences encoding the MOAT proteins of 
the invention may be isolated from appropriate biological 
sources using methods known in the art. In a preferred 
embodiment, a cDNA clone is isolated from a cDNA 
expression library of human origin. in an alternative 
embodiment, utilizing the sequence information provided by 
the cDNA sequence, human genomic clones encoding MOAT 
proteins may be isolated. Alternatively, cDNA or genomic 
clones having homology with MOAT - B , MOAT-C, MOAT - D or 
MOAT-E may be isolated from other species using 
oligonucleotide probes corresponding to predetermined 
sequences within the MOAT encoding nucleic acids. 

In accordance with the present invention, nucleic 
acids having the appropriate level of sequence homology 
with the protein coding region of Sequence I.D. Nos . 1, 3, 
5, and 7 may be identified by using hybridization and 
washing conditions of appropriate stringency. For 
example, hybridizations may be performed, according to the 
method of Sambrook et al . , (supra) using a hybridization 
solution comprising: 5X SSC, 5X Denhardt ■ s reagent, 1.0% 
SDS, 100 fig /ml denatured, fragmented salmon sperm DNA, 
0.05% sodium pyrophosphate and up to 50% f ormamide . 
Hybridization is carried out at 37-42°C for at least six 
hours. Following hybridization, filters are washed as 
follows: (l) 5 minutes at room temperature in 2X SSC and 
1% SDS; (2) 15 minutes at room temperature in 2X SSC and 
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0.1% SDS; (3) 30 minutes-1 hour at 37°C in IX SSC and 1% 
SDS; (4) 2 hours at 42-65°in IX SSC and 1% SDS , changing 
the solution every 30 minutes. 

Nucleic acids of the present invention may be 
maintained as DNA in any convenient cloning vector. in a 
preferred embodiment, clones are maintained in a plasmid 
cloning/expression vector, such as pBluescript 
(Stratagene, La Jolla, CA) , which is propagated in a 
suitable E. coli host cell. 

MOAT-encoding nucleic acid molecules of the invention 
include cDNA, genomic DNA, RNA, and fragments thereof 
which may be single- or double -stranded . Thus, this 
invention provides oligonucleotides (sense or antisense 
strands of DNA or RNA) having sequences capable of 
hybridizing with at least one sequence of a nucleic acid 
molecule of the present invention, such as selected 
segments of the. cDNA having Sequence I.D. No. 1. Such 
oligonucleotides are useful as probes for detecting or 
isolating MOAT genes. Antisense nucleic acid molecules 
may be targeted to translation initiation sites and/or 
splice sites to inhibit the translation of the 
MOAT-encoding nucleic acids of the invention. Such 
antisense molecules are typically between 15 and 30 
nucleotides and length and often span the translat ional 
start site of MOAT encoding mRNA molecules. 

It will be appreciated by persons skilled in the art 
that variants of these sequences exist in the human 
population, and must be taken into account when designing 
and/or utilizing oligos of the invention: Accordingly, it 
is within the scope of the present invention to encompass 
such variants, with respect to the MOAT sequences 
disclosed herein or the oligos targeted to specific 
locations on the respective genes or RNA transcripts. 
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With respect to the inclusion of such variants, the term 
"natural allelic variants" is used herein to refer to 
various specific nucleotide sequences and variants thereof 
that would occur in a human population. The usage of 
different wobble codons and genetic polymorphisms which 
give rise to conservative or neutral amino acid 
substitutions in the encoded protein are examples of such 
variants. Additionally, the term "substantially 
complementary" refers to oligo sequences that may not be 
perfectly matched to a target sequence, but the mismatches 
do not materially affect the ability of the oligo to 
hybridize with its target sequence under the conditions 
described . 

B • Proteins 

Full-length MOAT - B , MOAT-C, MOAT - D and MOAT - E 
proteins of the present invention may be prepared in a 
variety of ways, according to known methods. The proteins 
may be purified from appropriate sources , e.g., 
transformed bacterial or animal cultured cells or tissues, 
by immunoaffinity purification. However, this is not a 
preferred method due to the low amount of protein likely 
to be present in a given cell type at any time. The 
availability of nucleic acid molecules encoding MOAT 
proteins enables production of the proteins using in vitro 
expression methods known in the art. For example, a cDNA 
or gene may be cloned into an appropriate in vitro 
transcription vector, such as pSP64 or pSP65 for in vitro 
transcription, followed by cell-free translation in a 
suitable cell-free translation system, such as wheat germ 
or rabbit reticulocytes. In vitro transcription and 
translation systems are commercially available, e.g., from 
Promega Biotech, Madison, Wisconsin or Gibco-BRL, 
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Gaithersburg, Maryland. 

Alternatively, according to a preferred embodiment, 
larger quantities of MOAT proteins may be produced by 
expression in a suitable prokaryotic or eukaryotic system. 
For example, part or all of a DNA molecule, such as a cDNA 
having Sequence I.D. No. 1, 3, 5 or 7 may be inserted into 
a plasmid vector adapted for expression in a bacterial 
cell, such as E . coli . Such vectors comprise the 
regulatory elements necessary for expression of the DNA in 
the host cell positioned in such a manner as to permit 
expression of the DNA in the host cell. Such regulatory 
elements required for expression include promoter 
sequences, transcription initiation sequences and, 
optionally, enhancer sequences. 

The human MOAT proteins produced by gene expression 
in a recombinant procaryotic or eukaryotic system may be 
purified according to methods known in the art. In a 
preferred embodiment, a commercially available 
expression/ secretion system can be used, whereby the 
recombinant protein is expressed and thereafter secreted 
from the host cell, to, be easily purified from the 
surrounding medium. If expression/secretion vectors are 
not used, an alternative approach involves purifying the 
recombinant protein by affinity separation, such as by 
immunological interaction with antibodies that bind 
specifically to the recombinant protein or nickel columns 
for isolation of recombinant proteins tagged with 6-8 
histidine residues at their N-terminus or C- terminus. 
Alternative tags may comprise the FLAG epitope or the 
hemagglutinin epitope. Such methods are commonly used by 
skilled practitioners. 

The human MOAT proteins of the invention, prepared by 
the aforementioned methods, may be analyzed according to 
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standard procedures. For example, such proteins may be 
subjected to amino acid sequence analysis, according to 
known methods . 

The present invention also provides antibodies 
capable of immunospecif ically binding to proteins of the 
invention. Polyclonal antibodies directed toward human 
MOAT proteins may. be prepared according to standard 
methods. m a preferred embodiment, monoclonal antibodies 
are prepared, which react immunospecif ically with the 
various epitopes of the MOAT proteins described herein. 
Monoclonal antibodies may be prepared according to general 
methods of Kohler and Milstein, following standard 
protocols. Polyclonal or monoclonal antibodies that 
immunospecifically interact with MOAT proteins can be 
utilized for identifying and purifying such proteins. For 
example, antibodies may be utilized for affinity 
separation of proteins with which they immunospecifically 
interact. Antibodies may also be used to 
immunoprecipitate proteins from a sample containing a 
mixture of proteins and other biological molecules. other 
uses of ant i -MOAT antibodies are described below. 

II. Uses of MOAT -Encoding Nucleic Acids, 
MOAT Proteins a nd Antibodies Thprp<-n 

Cellular transporter molecules have received a great 
deal of attention as potential targets of chemotherapeutic 
agents designed to effectively block the export of 
pharmacological reagents from tumor cells. The MOAT 
proteins of the invention play a pivotal role in the 
transport of molecules across the cell membrane. 

Additionally, MOAT nucleic acids, proteins and 
antibodies thereto, according to this invention, may be 
used as research tools to identify other proteins that are 
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intimately involved in the transport of molecules into and 
out of cells. Biochemical elucidation of molecular 
mechanisms which govern such transport will facilitate the 
development of novel ant i -transport agents that may 
sensitize tumor cells to conventional chemotherapeut ic 
agents . 

A. MOAT- Encoding Nucleic Acids 

MOAT-encoding nucleic acids may be used for a variety 
of purposes in accordance with the present invention. 
MOAT-encoding DNA, RNA, or fragments thereof may be used 
as probes to detect the presence of and/or expression of 
genes encoding MOAT proteins. Methods in which 
MOAT-encoding nucleic acids may be utilized as 
probes for such assays include, but are not limited to: 
(1) in situ hybridization; (2) Southern hybridization (3) 
northern hybridization; and (4) assorted amplification 
reactions such as polymerase chain reactions (PCR) . 

The MOAT-encoding nucleic acids of the invention may 
also be utilized as probes to identify related genes from 
other animal species. As is well known in the art, 
hybridization stringencies may be adjusted to allow 
hybridization of nucleic acid probes with complementary 
sequences of varying degrees of homology. Thus, 
MOAT-encoding nucleic acids may be used to advantage to 
identify and characterize other genes of varying degrees 
of relation to the MOAT genes of the invention. Such 
information enables further characterization of 
transporter molecules which give rise to the 
chemoresistant phenotype of certain tumors. Additionally, 
they may be used to identify genes encoding proteins that 
interact with MOAT proteins (e.g., by the "interaction 
trap" technique) , which should further accelerate 
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identification of the components involved in the 
acquisition of drug resistance. The MOAT encoding nucleic 
acids may also be used to generate primer sets suitable 
for PCR amplification of target MOAT DNA. Criteria for 
selecting suitable primers are well known to those of 
ordinary skill in the art. 

Nucleic acid molecules, or fragments thereof, 
encoding MOAT genes may also be utilized to control the 
production of MOAT proteins, thereby regulating . the amount 
of protein available to participate in cytotoxic drug 
efflux. As mentioned above, antisense oligonucleotides 
corresponding to essential processing sites in 
MOAT-encoding mRNA molecules may be utilized to inhibit 
MOAT protein production in targeted cells. Alterations in 
the physiological amount of MOAT proteins may dramatically 
affect the ability of these proteins to transport 
pharmacological reagents out of the cell. 

Host cells comprising at least one MOAT encoding DNA 
molecule are encompassed in the present invention. Host 
cells contemplated for use in the present invention 
include but are not limited to bacterial cells, fungal 
cells, insect cells, mammalian cells, and plant cells. 
The MOAT encoding DNA molecules may introduced singly into 
such. host cells or in combination to assess the phenotype 
of cells conferred by such expression. Methods for 
introducing DNA molecules are also well known to those of 
ordinary skill in the art. Such methods are set forth in 
Ausubel et al . eds . , Current Prn toeols -in M^n^n^ 
Biology, John Wiley & Sons, NY, NY 1995, the disclosure of 
which is incorporated by reference herein. 

The availability of MOAT encoding nucleic acids 
enables the production of strains of laboratory mice 
carrying part or all of the MOAT genes or mutated 
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sequences thereof. Such mice may provide an in vivo model 
for development of novel chemotherapeut ic agents. 
Alternatively, the MOAT nucleic acid sequence information 
provided herein enables the production of knockout mice in 
which the endogenous genes encoding MOAT-B, MOAT-C, MOAT-D 
or MOAT - E have been specifically inactivated. Methods of 
introducing transgenes in laboratory mice are known to 
those of skill in the art. Three common methods include: 
1. integration of retroviral vectors encoding the foreign 
gene of interest into an early embryo; 2. injection of 
DNA into the pronucleus of a newly fertilized egg; and 3. 
the incorporation of genetically manipulated embryonic 
stem cells into an early embryo. 

The alterations to the MOAT gene envisioned herein 
include modifications, deletions, and substitutions. 
Modifications and deletions render the naturally occurring 
gene nonfunctional, producing a "knock out" animal. 
Substitutions of the naturally occurring gene for a gene 
from a second species results in an animal which produces 
an MOAT gene from the second species. Substitution of the 
naturally occurring gene for a gene having a mutation 
results in an animal with a mutated MOAT protein. A 
transgenic mouse carrying the human MOAT gene is generated 
by direct replacement of the mouse MOAT gene with the 
human gene. These transgenic animals are valuable for use 
in vivo assays for elucidation of other medical disorders 
associated with cellular activities modulated by MOAT 
genes. A transgenic animal carrying a "knock out" of a 
MOAT encoding nucleic acid is useful for the establishment 
of a nonhuman model for chemotherapy resistance involving 
MOAT regulation. 

As a means to define the role that MOAT plays in 
mammalian systems, mice can be generated that cannot make 
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MOAT proteins because of a targeted mutational disruption 
of a MOAT gene . 

The term "animal" is used herein to include all 
vertebrate animals, except humans. It also includes an 
individual animal in all stages of development, including 
embryonic and fetal stages. A "transgenic animal" is any 
animal containing one or more cells bearing genetic 
information altered or received, directly or indirectly, 
by deliberate genetic manipulation at the subcellular 
level, such as by targeted recombination or microinjection 
or infection with recombinant virus. The term "transgenic 
animal" is not meant to encompass classical cross-breeding 
or in vitro fertilization, but rather is meant to 
encompass animals in which one or more cells are altered 
by or receive a recombinant DNA molecule. This molecule 
may be specifically targeted to defined genetic locus, be 
randomly integrated within a chromosome, or it may be 
extrachromosomally replicating DNA. The term "germ cell 
line transgenic animal" refers to a transgenic animal in 
which the genetic alteration or genetic information was 
introduced into a germ line cell, thereby conferring the 
ability to transfer the genetic information to offspring. 
If such offspring in fact, possess some or all of that 
alteration or genetic information, then they, too, are 
transgenic animals. 

The alteration or genetic information may be foreign 
to the species of animal to which the recipient belongs, 
or foreign only to the particular individual recipient, or 
may be genetic information already possessed by the 
recipient. in the last case, the altered or introduced 
gene may be expressed differently than the native gene. 

The altered MOAT gene generally should not fully 
encode the same MOAT protein native to the host animal and 
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its expression product should be altered to a minor or 
great degree, or absent altogether. However, it is 
conceivable that a more modestly modified MOAT gene will 
fall within the compass of the present invention if it is 
a specific alteration. 

The DNA used for altering a target gene may be 
obtained by a wide variety of techniques ■ that include, but 
are not limited to, isolation from genomic sources, 
preparation of cDNAs from isolated mRNA templates, direct 
synthesis, or a combination thereof. 

A preferred type of target cell for transgene 
introduction is the embryonal stem cell (ES) . ES cells 
may be obtained from pre- implantation embryos cultured in 
vitro. Transgenes can be efficiently introduced into the 
ES cells by standard techniques such as DNA transfection 
or by retrovirus-mediated transduction. The resultant 
transformed ES cells can thereafter be combined with 
blastocysts from a non-human animal. The introduced ES 
cells thereafter colonize the embryo and contribute to the 
germ line of the resulting chimeric animal. . 

One approach to the problem of determining the 
contributions of individual genes and their expression 
products is to use isolated MOAT genes to selectively 
inactivate the wild-type gene in totipotent ES cells (such 
as those described above) and then generate transgenic 
mice. The use of gene-targeted ES cells in the generation 
of gene-targeted transgenic mice is known in the art. 

Techniques are available to inactivate or alter any 
genetic region to a mutation desired by using targeted 
homologous recombination to insert specific changes into 
chromosomal alleles. However, in comparison with 
homologous extrachromosomal recombination, which occurs at 
a frequency approaching 100%, homologous plasmid- 
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chromosome recombination was originally reported to only 
be detected at frequencies between 1CT 6 and 10°. 
Nonhomologous plasmid-chromosome interactions are more 
frequent occurring at levels 10 s -fold to 10 2 -fold greater 
than comparable homologous insertion. 

To overcome this low proportion of targeted 
recombination in murine ES cells, various strategies have 
been developed to detect or select rare homologous 
recombinants. One approach for detecting homologous 
alteration events uses the polymerase chain reaction (PCR) 
to screen pools of transformant cells for homologous 
insertion, followed by screening of individual clones. 
Alternatively, a positive genetic selection approach has 
been developed in which a marker gene is constructed which 
will only be active if homologous insertion occurs, 
allowing these recombinants to be selected directly. One 
of the most powerful approaches developed for selecting 
homologous recombinants is the positive-negative selection 
(PNS) method developed for genes for which no direct 
selection of the alteration exists. The PNS method is 
more efficient for targeting genes which are not expressed 
at high levels because the marker gene has its own 
promoter. Non- homologous recombinants are selected 
against by using the Herpes Simplex virus thymidine kinase 
(HSV-TK) gene and selecting against its nonhomologous 
insertion with effective herpes drugs such as gancyclovir 
(GANC) or (1- (2-deoxy-2-fluoro-B-D arabinof luranosyl ) - 5 - 
iodouracil, (FIAU) . By this counter selection, the number 
of homologous recombinants in the surviving transf ormants 
can be increased. 

As used herein, a "targeted gene" or "knock-out" is a 
DNA sequence introduced into the germline or a non-human 
animal by way of human intervention, including but not 
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limited to, the methods described herein. The targeted 
genes of the invention include DNA sequences which are 
designed to specifically alter cognate endogenous alleles. 

Methods of use for the transgenic mice of the 
invention are also provided herein. Knockout mice of the 
invention can be injected with tumor cells or treated with 
carcinogens to generate carcinomas. Such mice provide a 
biological system for assessing chemotherapy resistance as 
modulated by a MOAT gene of the invention. Accordingly, 
therapeutic agents which inhibit the action of these 
transporters and thereby prevent efflux of beneficial 
chemotherapeutic agents from tumor cells may be screened 
in studies using MOAT knock out mice. 

As described above, MOAT-encoding nucleic acids are 
also used to advantage to produce large quantities of 
substantially pure MOAT proteins, or selected portions 
thereof . 



B - MOAT Pr oteins and Antibodies 

Purified full length MOAT proteins, or fragments 
thereof, may be used to produce polyclonal or monoclonal 
antibodies which also may serve as sensitive detection 
reagents for the presence and accumulation of MOAT 
proteins (or complexes containing MOAT proteins) in 
mammalian cells. Recombinant techniques enable expression 
of fusion proteins containing part or all of MOAT 
proteins. The full length proteins or fragments of the 
proteins may be used to advantage to generate an array of 
monoclonal antibodies specific for various epitopes of 
MOAT proteins, thereby providing even greater sensitivity 
for detection of MOAT proteins in cells. 

Polyclonal or monoclonal antibodies 
immunologically specific for MOAT proteins may be used in 
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a variety of assays designed to detect and quantitate the 
proteins. Such assays include, but are not limited to: 
(1) flow cytometric analysis; (2) immunochemical 
localization of MOAT proteins in tumor cells; and (3) 
immunoblot analysis (e.g., dot blot. Western blot) of 
extracts from various cells. Additionally, as described 
above, ant i -MOAT antibodies can be used for purification 
of MOAT proteins and any associated subunits (e.g., 
affinity column purification, immunoprecipitation) . 

From the foregoing discussion, it can be seen that 
MOAT-encoding nucleic acids, MOAT expressing vectors, MOAT 
proteins and anti-MOAT antibodies of the invention can be 
used to detect MOAT gene expression and alter MOAT protein 
accumulation for purposes of assessing the genetic and 
protein interactions involved in the development of drug 
resistance in tumor cells. 

C. Methods and Kits Employing the 

Compositions of t-h e Present Invent.inn 

From the foregoing discussion, it can be seen 
that MOAT-encoding nucleic acids, MOAT- expressing vectors, 
MOAT proteins and anti-MOAT antibodies of the invention 
can be used to detect MOAT gene expression and alter MOAT 
protein accumulation for purposes of assessing the genetic 
and protein interactions giving rise to chemotherapy 
resistance in tumor cells. 

Exemplary approaches for detecting MOAT nucleic acid 
or polypeptides/proteins include: 

a) comparing the sequence of nucleic acid in the 
sample with the MOAT nucleic acid sequence to determine 
whether the sample from the patient contains mutations; or 

b) determining the presence, in a sample from a 
patient, of the polypeptide encoded by the MOAT gene and, 
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if present, determining whether the polypeptide is full 
length, and/or is mutated, and/or is expressed at the 
normal level; or 

c) using DNA restriction mapping to compare the 
restriction pattern produced when a restriction enzyme 
cuts a sample of nucleic acid from the patient with the 
restriction pattern obtained from normal MOAT gene or from 
known mutations thereof; or, 

d) using a specific binding member capable of binding 
to a MOAT nucleic acid sequence (either normal sequence or 
known mutated sequence) , the specific binding member 
comprising nucleic acid hybridizable with the MOAT 
sequence, or substances comprising an antibody domain with 
specificity for a native or mutated MOAT nucleic acid 
sequence or the polypeptide encoded by it, the specific 
binding member being labelled so that binding of the 
specific binding member to its binding partner is 
detectable; or, 

e) using PCR involving one or more primers based on 
normal or mutated MOAT gene sequence to screen for normal 
or mutant MOAT gene in a sample from a patient. 

A "specific binding pair" comprises a specific 
binding member (sbm) and a binding partner (bp) which have 
a particular specificity for each other and which in 
normal conditions bind to each other in preference to 
other molecules. Examples of specific binding pairs are 
antigens and antibodies, ligands and receptors and 
complementary nucleotide sequences. The skilled person is 
aware of many other examples and they do not need to be 
listed here. Further, the term "specific binding pair" is 
also applicable where either or both of the specific 
binding member and the binding partner comprise a part of 
a large molecule. In embodiments in which the specific 
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binding pair are nucleic acid sequences, they will be of a 
length to hybridize to each other under conditions of the 
assay, preferably greater than 10 nucleotides long, more 
preferably greater than 15 or 20 nucleotides long. 

In most embodiments for screening for alleles giving 
rise to chemotherapy resistance, the MOAT nucleic acid in 
biological sample will initially be amplified, e.g. using 
PCR, to increase the amount of the analyte as compared to 
other sequences present in the sample. This allows the 
target sequences to be detected with a high degree of 
sensitivity if they are present in the sample. This 
initial step may be avoided by using highly sensitive 
array techniques that are becoming increasingly important 
in the art . 

The identification of the MOAT gene and its 
association with a particular chemotherapy resistance 
paves the way for aspects of the present invention to 
provide the use of materials and methods, such as are 
disclosed and discussed above, for establishing the 
presence or absence in a test sample of a variant form of 
the gene, in particular an allele or variant specifically 
associated with chemotherapy resistance. This may be done 
to assess the propensity of the tumor to exhibit 
chemotherapy resistance. 

In still further embodiments, the present invention 
concerns immunodetection methods for binding, purifying, 
removing, quantifying or otherwise generally detecting 
biological components. The encoded proteins or peptides of 
the present invention may be employed to detect antibodies 
having reactivity therewith, or, alternatively, antibodies 
prepared in accordance with the present invention, may be 
employed to detect the encoded proteins or peptides. The 
steps of various useful immunodetection methods have been 
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described in the scientific literature, such as, e.g., 
Nakamura et al. (1987). 

In general, the immunobinding methods include 
obtaining a sample suspected of containing a protein, 
peptide or antibody, and contacting the sample with an 
antibody or protein or peptide in accordance with the 
present invention, as the case may be, under conditions 
effective to allow the formation of immunocomplexes . 

The immunobinding methods include methods for 
detecting or quantifying the amount of a reactive 
component in a sample, which methods require the detection 
or quantitation of any immune complexes formed during the 
binding process. Here, one would obtain a sample 
suspected of containing a MOAT gene encoded protein, 
peptide or a corresponding antibody, and contact the 
sample with an antibody or encoded protein or peptide, as 
the case may be, and then detect or quantify the amount of 
immune complexes formed under the specific conditions. 

In terms of antigen detection, the biological sample 
analyzed may be any sample that is suspected of containing 
the MOAT antigen, such as a tumor tissue section or 
specimen, a homogenized tissue extract, an isolated cell, 
a cell membrane preparation, separated or purified forms 
of any of the above protein-containing compositions. 

Contacting the chosen biological sample with the 
protein, peptide or antibody under conditions effective 
and for a period of time sufficient to allow the formation 
of immune complexes (primary immune complexes) is 
generally a matter of simply adding the composition to the 
sample and incubating the mixture for a period of time 
long enough for the antibodies to form immune complexes 
with, i.e., to bind to, any antigens present. After this 
time, the sample -antibody composition, such as a tissue 
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section, EL ISA plate, dot blot or Western blot, will 
generally be washed to remove any non-specif ically bound 
antibody species, allowing only those antibodies 
specifically bound within the primary immune complexes to 
be detected. 

In general, the detection of immunocomplex formation 
is well known in the art and may be achieved through the 
application of numerous approaches. These methods are 
generally based upon the detection of a label or marker, 
such as any radioactive, fluorescent, biological or 
enzymatic tags or labels of standard use in the art. U.S. 
Patents concerning the use of such labels include U.S. 
Pat. Nos. 3,817,837; 3,850,752; 3,939,350; 3,996,345; 
4,277,437; 4,275,149 and 4,366,241, each incorporated 
herein by reference. Of course, one may find additional 
advantages through the use of a secondary binding ligand 
such as a second antibody or a biotin/avidin ligand 
binding arrangement, as is known in the art. 

In one broad aspect, the present invention 
encompasses kits for use in detecting expression of MOAT 
encoding nucleic acids in biological samples, including 
biopsy samples. Such a kit may comprise one or more pairs 
of primers for amplifying nucleic acids corresponding to 
the MOAT gene. The kit may further comprise samples of 
total mRNA derived from tissues expressing at least one or 
a subset of the MOAT genes of the invention, to be used as 
controls. The kit may also comprise buffers, nucleotide 
bases, and other compositions to be used in hybridization 
and/or amplification reactions. Each solution or 
composition may be contained in a vial or bottle and all 
vials held in close confinement in a box for commercial 
sale. in a further embodiment, the invention encompasses 
a kit for use in detecting MOAT proteins in chemotherapy 
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resistant cancer cells comprising antibodies specific for 
MOAT proteins encoded by the MOAT nucleic acids of the 
present invention. 

Another aspect of the present invention comprises 
screening methods employing host cells expressing one or 
more MOAT genes of the invention. An advantage of having 
discovered the complete coding sequenced of MOAT B-E 
is that cell li nes that overexpress MOATB C D or E can be 
generated using standard transfection protocols. Cells 
that overexpress the complete cDNA will also harbor the 
complete proteins, a feature that is essential for 
biological activity of proteins. The overexpressing cell 
lines will be useful in several ways: i) Th e drug 
sensitivity of overexpressing cell li nes can be tested 
with a variety of known anticancer agents in order to 
determine the spectrum of anticancer agents for which the 
transporter confers resistance; 2) The drug sensitivity of 
overexpressing cell lines can be used to 

determine whether newly discovered anticancer agents are 
transported out of the cell by one of the discovered 
transporters; 3 ) Overexpressing cell lines can be used to 
identify potential inhibitors that reduce the activity of 
the transporters. Such inhibitors are of great 
clinical interest in that they may enhance the activity of 
known anticancer agents, thereby increasing their 
effectiveness. Reduced activity will be detected by 
restoration of anticancer drug sensitivity, or by 
reduction of transporter mediated cellular efflux of 
anticancer agents. In vitro biochemical studies designed 
to identify reduced transporter activity in 

the presence of potential inhibitors can also be performed 
usxng membranes prepared from overexpessing cell lines; 
and 4) Overexpressing cell lines can also be used to 
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determine whether pharmaceutical agents that are not 
anticancer agents are transported out of the cell by the 
transporters . 



The following protocols are provided to facilitate 
the practice of the present invention. 

Isolation of moat-b cDNA 

Forward {CT(A/G/T) GT ( A/G/T ) GC(A/G/T) GT (A/G/T) 
GT (A/G/T) GG(A/G/C/T) } (SEQ ID NO : 9 ) and reverse {(G/A)CT 
(A/G/C/T)A<A/G/C) (A/G/C/T)GC (A/G/C/T) (G/.C) (T/A) 
(A/G/C/T)A(A/G) (A/G/C/T)GG (A/G/C/T)TC (A/G)TC}(SEQ ID 
NO: 16) degenerate oligonucleotide primers were designed 
based upon the first nucleotide binding folds of human 
MRP, CFTR, and MDR1 . Bacteriophage DNA isolated from a 
C2 00 cDNA library prepared in the XpCEV27 phagemid 
vector (17) was used as template in PCR reactions 
containing 250 ng cDNA, 5 uM primers, 50 mM KC1, 10 mM 
Tris-HCl, pH 8.3, 3 mM MgCl 2 , .05% gelatin, 0 . 2 mM dNTP 
and Taq polymerase (Perkin Elmer Cetus) . Five cycles of 
PCR were performed as follows; 94°C for 1 minute, 40°C 
for 2 minutes, 72°C for 3 minutes. Twenty five cycles 
were then performed as follows: 94°C for 1 minute, 55°C 
for 1 minute, and 72°C for 1 minute. The resulting 
reaction products were used as template in a second 
round of PCR , as described above, with nested forward 
{CGGGATCC AG ( A / G ) GA ( A / G ) AA(C/T) AT(A/C/T) CT (A/G/C/T) 
TTT GG(A/G/C/T) } (SEQ ID NO:17) and reverse { CGGAATTC 
(A/G/T/OTC (A/G)TC (A/C/T)AG (A/G/C/T)AG (A/G)TA 
(A/T/G) AT (A/G)TC}(SEQ ID NO:18) degenerate 
oligonucleotide primers. PCR reaction products were 
isolated from an agarose gel and subcloned into the 
BamHI and EcoRI sites of pBluescript (Stratagene) . 
Nucleotide sequence analysis 
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was performed on plasmid DNA prepared from ampicillin 
resistant transf ormants . Additional cDNA clones were 
isolated from C200 (ovary) and B5 (breast) cDNA libraries 
by plaque hybridization using the PCR product as the 
initial radiolabeled probe. 

RNA Blot Analysis 

Blots containing polyA' RNA isolated from human 
tissues (Clontech) were prehybridized at 45 °C for 8 hours 
in 50% formamide, 4X SSC, 4X Denhardt • s solution, 0.04 M 
sodium phosphate monobasic, pH 6.5, 0.8% (w/v) glycine, 
0.1 mg/ml sheared denatured salmon sperm DNA. 
Hybridization was performed at 45°C with "P-labeled MOAT-B 
or GAPDH probes in a solution containing 50% formamide, 3X 
SSC, 0.04 M sodium phosphate pH 6.5, 10% dextran sulfate, 
0.1 mg/ml sheared denatured salmon sperm DNA. Blots were 
washed 2 times for 15 min at 65°C in 2X SSC, 5 mM Tris-HCl 
PH7.4, 0.5% SDS, 2.5 mM EDTA, 0.1% sodium pyrophosphate pH 
8.0, and subsequently washed 2 times for 15 min inO.lX 
SSC. Blots were then subjected to autoradiography. 

Chromosomal localization 

Preparation of metaphase spreads from 
phytohemagglutinin-stimulated lymphocytes of a healthy 
female donor, and fluorescence in situ hybridization and 
detection of immunofluorescence were carried out as 
previously described (18) . A 2.2-kb cDNA clone of MOAT-B 
inserted in pBluescript was biotinylated by nick 
translation in a reaction containing 1 M g DNA, 20 piM each ' 
of dATP, dCTP and dGTP , 1 ^m dTTP , 25 mM Tris-HCl, pH 7.5, 
5 mM MgCl 2/ 10 mM S-mercaptoethanol, 10„M biotin-16-dUTP 
(Boehringer Mannheim) , 2 units DNA polymerase l/DNase 1 
(GIBCO, BRL) and water to a total volume of 50 M l . The 
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probe was denatured and hybridized to metaphase spreads 
overnight at 37°C. Hybridization sites were detected with 
fluorescein-labeled avidin (Oncor) and amplified by 
addition of anti-avidin antibody (Oncor) and a second 
layer of fluorescein-labeled avidin. The chromosome 
preparations were counterstained with DAPI and observed 
with a Zeiss Axiophot epif luorescence microscope equipped 
with a cooled charge coupled device camera (Photometries, 
Tucson AZ) operated by a Macintosh computer work station. 
Digitized images of DAPI staining and fluorescein signals 
were captured, pseudo-colored and merged using Oncor Image 
version 1.6 software. 

Isolation of MOAT-C and MOAT - D cDNA 

MOAT-C and MOAT-D cDNA clones were isolated by plaque 
hybridization from bacteriophage cDNA libraries using the 
I.M.A.G.E. clones as the initial probes (ATCC) . 

RNA blot analysis 

Blots containing polyA* RNA isolated from human 
tissues (Clontech) were purchased from Clontech, and 
hybridized with radiolabeled MOAT-C, MOAT-D or actin 
probes according to the manufacturer's directions. 

Chromosomal localization 

Preparation of metaphase spreads from 
phytohemagglutinin-stimulated lymphocytes of a healthy 
female donor, and fluorescence in situ hybridization and 
detection of immunofluorescence were carried out as 
previously described (18) . A MOAT-C probe inserted in 
pBluescript, or MOAT-D probe inserted in pBluescript, was 
biotinylated by nick translation in a reaction containing 
1 M9 DNA, 2 0 /iM each of dATP, dCTP and dGTP, 1 M M dTTP , 2 5 
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mM Tris-HCl, p H 7.5, 5 mM MgCl 2 , 10 mM S-mercaptoethanol 
10MM biotin-16-dUTP (Boehringer Mannheim), 2 units DNA 
polymerase 1/DNase 1 (GIBCO, BRL) and water to a total 
volume of 50 M i . The probe was denatured and hybridized 
to metaphase spreads overnight at 37°C. Hybridization • 
sites were detected with f luorescein-labeled avidin 
(Oncor) and amplified by addition of anti-avidin antibody 
(Oncor) and a second layer of fluorescein- labeled avidin. 
The chromosome preparations were counterstained with DAPI 
and observed with a Zeiss Axiophot epif luorescence 
microscope equipped with a cooled charge coupled device 
camera (Photometries, Tucson AZ) operated by a Macintosh 
computer work station. Digitized images of DAPI staining 
and fluorescein signals were captured, pseudo-colored and 
merged using Oncor Image version 1.6 software. 

The following examples are provided to illustrate 
various embodiments of the invention. They are not 
intended to limit the invention in any way. 

EXAMPLE I 
Isolation of MOAT - B cDNA. 

A degenerate PCR approach was used to isolate 
MRP-related transporters. Degenerate oligonucleotide 
primers were prepared based upon the N-terminal nucleotide 
binding folds of MRP and other eukaryotic transporters, 
and used in conjunction with DNA prepared from an ovarian 
cancer cell line bacteriophage library. Nucleotide 
sequence analysis of one of the resulting PCR products 
indicated that it encoded a segment of a novel nucleotide 
binding fold that was most closely related to MRP and 
cMOAT Overlapping cDNA clones were isolated from ovarian 
and breast bacteriophage libraries by plaque hybridization 
using the PCR product as the initial probe. A total of 
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5.9 kB of cDNA was isolated. Nucleotide sequence analysis 
revealed two classes of cDNA clones that were about 
equally represented among isolates from each of the two 
bacteriophage libraries. The first class contained an 
open reading frame of 3975 bp that was bordered by in 
frame stop codons located at positions -76 and -42 
(relative to the putative initiation codon) and 3976, and 
encoding a predicted protein of 1325 amino acids, which is 
designated MOAT - B . The open reading frame was followed by 
approximately 2 kB of 3' untranslated sequences. The most 
upstream ATG in the open reading frame was located in the 
sequence context «CAAGATGC« . The A at position -3 of the 
putative translation initiation codon was in agreement 
with the major feature of the Kozak consensus sequence, 
but the C at position +4 was divergent from the more usual 
G. The second class of cDNA clones was identical to the 
first with the exception of a single nucleotide. These 
clones harbored an additional T following nucleotide 3872 
of the first class of clones, close to the C- terminus of 
the predicted protein. This additional nucleotide 
resulted in a frame shift such that the predicted protein 
of the second class of cDNA clones was 22 residues shorter 
than that of the first class of cDNA clones, and in which 
the C-terminal 34 residues of the latter reading frame 
were replaced by 12 distinct residues. See brief 
description of Figure 1. 

Analysis of the MOAT - B Predicted Structure. 

Comparison of the MOAT-B predicted protein with 
complete coding sequences in protein data bases using the 
BLAST program indicated that it shared significant 
similarity with several eukaryotic ABC transporters. 
Table I. 
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Comparison of peptide domains of MOAT-B with 
those of other eukaryotic ABC transporters 



MOAT-B 
Domain 
(peptide) 



TM1 



NBF1 



TM2 



linker 
region 

(88-376) (428-576) (577-705) (706-992) 



NBF2 

(105S- 
1216) 



C- 

terminus 
(1217- 
1325) 



overall 
identity 



percent identity 



MRP human 


28. 6 


55.6 


27 


.-9 


33.3 


61.6 


51 .6 


39.2 


YCF1 yeast 


27 


56 


27 


.9 


34 


57.2 


48.5 


38.9 


MOAT human 


33 .2 


53.3 


32 


.8 


31.4 


55.3 


44.9 


38 


CFTR Human 


30.5 


48 


27 


.9 


37.7 


44 


21 


36.3 


SITR rat 


28.1 


41.3 


28, 


.2 


30 


52 . 8 


42.8 


32.9 


MDR1 human 


17.6 


39.2 


21 . 


.1 


17.3 


32.2 


40.3 


23 .3 



The indicated domains are, TM1 : segment containing the 
transmembrane spanning domain N- terminal to NBF1 ; NBF1 and NBF2 • 
nucleotide binding folds 1 and 2; Linker region: segment located 
Som^r^ Tt ™ 2 '*™ 2 : containing the transmembrane spanning 

fn^L • We ? n tW ° NBFS; C - terminus: segment between NBF2 

usina ^hp"pTT r Z US P ro ^ eins - Sequence alignments were generated 

lu^ pro ^ am of the GCC package. Percent amino acid 
identity with MOAT-B domains are shown. 



Typical features of eukaryotic ABC transporters were 
present in the predicted MOAT-B protein. See Figure 1. 
Overall the protein was composed of a tandem repeat of a 
nucleotide binding fold appended C- terminal to a 
hydrophobic domain that contained several potential 
transmembrane spanning helices. Conserved Walker A and B 
ATP binding sites were present in each of the nucleotide 
binding folds. See Figure 2A. In addition, a conserved C 
motif, the signature sequence of ABC transporters, was 
present in each nucleotide binding fold. Analysis of 
potential transmembrane motifs using the TMAP program (19) 
and an input sequence alignment of MOAT-B and MOAT-C, a 
transporter highly related to MOAT-B 4 , predicted 12 
transmembrane helices with 6 transmembrane segments in 
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each of the two hydrophobic domains. This 6 + 6 
configuration of predicted transmembrane helices is in 
agreement with topological models proposed for MRP and 
other ABC transporters (20, 21), and is shown in Figure 1. 
However, alternative predictions of transmembrane segments 
were obtained using different program parameters or input 
sequence alignments. For- example, when the TMAP program 
was used with an input sequence alignment consisting of 
human MRP, rat cMOAT, rat sulfonyl urea receptor (SUR) , 
human cystic fibrosis conductance regulator ( CFTR) and 
human P-glycoprotein, a 6 + 5 configuration was 
predicted. The only substantial difference between the 
latter prediction and the structure shown in Figure 1 is 
that transmembrane segments 9 (82 9-853) and 10 (855-878) 
were replaced by a single predicted transmembrane segment 
spanning amino acids 847 - 875. 

Among ABC transporters, the degree of similarity of 
the nucleotide binding folds is considered to be the best 
indicator of functional conservation. Comparison of the 
nucleotide binding folds of MOAT-B with other eukaryotic 
ABC transporters indicated that it was most closely 
related to MRP, the yeast cadmium resistance protein 
(YCF1) and cMOAT (Table I), three transporters that have 
organic anions as substrates. The MOAT-B NBF1 was 55.6, 
56.0 and 53.3 percent identical, and the MOAT-B NBF2 was 
61.6, 57.2 and 55.3 percent identical to the first and 
second nucleotide binding folds of human MRP, YCF1 and 
human cMOAT, respectively. Aside from the latter 
transporters, the MOAT-B nucleotide binding folds were 
most closely related to those of CFTR and SUR. The MOAT-B 
nucleotide binding folds shared significantly less 
similarity with those of MDR1 . Alignment of the MOAT-B 
nucleotide binding folds with those of other eukaryotic 
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transporters is shown in Figure 2A. Analysis of the 
overall amino acid identity of MOAT - B with other ABC 
transporters also indicated that it was most closely 
related to MRP, YCF1 and cMOAT (Table I) . Overall MOAT - B 
was 39.2, 38.9 and 38 percent identical to these 
transporters, respectively. Figure 2B shows a comparison 
of the hydropathy profiles of MOAT-B with those of other 
eukaryotic transporters. This comparison reveals that 
MOAT-B (1325 amino acids) is approximately 2 00 amino acids 
smaller than MRP (1531 residues), cMOAT (1545 residues) 
and YCF1 (1515 residues) , and that this size difference is 
largely accounted for by the absence in MOAT-B of an amino 
terminal hydrophobic extension that is present in MRP, 
CMOAT and YCF1 (22). This N-terminal hydrophobic segment 
is predicted to harbor several transmembrane spanning 
segments, and is also present in SUR. 
Expression Pattern of MOAT-B in Human Tissues. 

To gain insight into the possible function of MOAT-B, 
its expression pattern in a variety of human tissues was 
examined by RNA blot analysis. As shown in Figure 3, a 
MOAT-B transcript of approximately 6 kB was readily 
detected. The isolation of 5.9 kB of MOAT-B cDNA was 
consistent with this size. MOAT-B expression was detected 
in each of the 16 tissues analyzed. Transcript levels were 
highest in prostate and lowest in liver and peripheral 
blood leukocytes, for which prolonged exposure of film 
were required to detect expression. Intermediate levels of 
expression were observed in other tissues. 
Chromosomal Localization of the MOAT-B Gene. 

The MOAT-B chromosomal localization was determined by 
fluorescence in situ hybridization. As shown in Figure 4, 
hybridization of the MOAT-B probe to metaphase spreads 
revealed specific labeling at human chromosome band 13q32 . 
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Fluorescent signals were detected on chromosome 13 in each 
of 19 metaphase spreads scored. Of 135 signals observed, 
62 (46%) were on 13q. Among these signals, 61 localized 
at 13q32, near the boundary between 13q31 and 13q32 . 
Paired (on sister chromatids) signals were only seen at 
band 13q32. in several metaphases, signals on a single 
chromatid were observed at chromosome bands 6p21 or 4q21, 
suggesting hybridization to distantly related sequences. 

EXAMPLE II 
Isolation of MOAT-C and MOAT-D cDNA. 

Isolation of the MOAT-B 4 transporter as described 
above suggested the possibility that there were other 
MRP/cMOAT- related transporters. A blast search (36) of 
the nonredundent expressed sequence tag data base using 
MRP and related yeast transporters revealed two clones 
with significant similarity to MRP and cMOAT. The first 
of these sequences (I.M.A.G.E. consortium clone 113196) 
was 1.2 kb in length, 800 bp of which encoded an 
MRP-related peptide. A segment of this clone was used as 
a probe to screen ovarian and hematopoietic bacteriophage 
libraries. Analysis of these cDNA clones indicated that 
they contained approximately 2 kb of additional coding 
sequence not present in clone 113196. An additional 1655 
bp of 5' sequence was obtained by several rounds of RACE 
using the bacteriophage DNA prepared from the ovarian cDNA 
library as template. The continuity of the sequences 
obtained by RACE with the cDNA clones isolated from 
bacteriophage libraries was confirmed by nucleotide 
sequence analysis of a 2 kb product obtained by RT/PCR 
using an upstream oligonucleotide primer located at the 5- 
end of the RACE sequence and a downstream primer located 
at the 5' end of the cDNA obtained by plaque 
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hybridization. A total of approximately 5.9 kb of cDNA 
sequences were isolated. Nucleotide sequence analysis 
revealed an open reading frame of 4311 bp that was 
preceded by an in frame stop codon located at positions 
: 93 (relative to the putative initiation codon), and 
encoding a predicted protein of 143 7 amino acids, which is 
designated MOAT-C herein. The open reading frame was 
followed by approximately 1.4 kB of 3' untranslated 
sequences in which a polyadenylation sequence (AAUAAA) was 
located 20 bp upstream of the poly (A) tail. The most 
upstream ATG in the open reading frame was located in the 
sequence context " 4 GAAGATGA* 4 . The A at position -3 of the 
putative translation initiation codon was in agreement 
with the major feature of the Kozak consensus sequence, 
but the A at position +4 was divergent from the more usual 
G (37) . The second sequence identified in our data base 
search (I.M.A.G.E. consortium clone 208097) was 1.2 kb in 
length, of which 588 bp encoded an MRP-related peptide. A 
segment of this clone was used as a probe to screen liver 
and monocyte bacteriophage cDNA libraries, and 5' cDNA 
segments of the isolated cDNA clones were used in a 
subsequent round of screening. Together approximately 5.2 
kb of cDNA sequence were isolated. Nucleotide sequence 
analysis revealed an open reading frame of 4570 bp, which 
is designated MOAT-D herein. The open reading frame was 
followed by approximately 0.6 kb of 3' untranslated 
sequences in which a polyadenylation sequence (AAUAAA) was 
located 12 bp upstream of the poly (A) tail. An upstream 
xn frame stop codon was not present in the MOAT-D cDNA 
clones, and attempts to obtain additional upstream 
sequences by RACE using as template cDNA prepared from 
sources in which MOAT-D is abundant were not successful. 
The most upstream ATG in the open reading frame 
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(nucleotide position 5-7), located in the sequence context 
"ATGGATGG* 4 , was therefore designated as the t ranslat ional 
initiation site. The G at position + 4, was in good 
agreement with the Kozak consensus sequence, but the T at 
-3 was divergent from the more usual A (37) . Although an 
upstream in frame stop codon was not identified in the 
MOAT-D cDNA clones, the size of the encoded protein was 
within one amino acid of the size of the transporter with 
which it shares the highest degree of identity (MRP) , 
suggesting that the complete MOAT-D open reading frame was 
present in the isolated cDNA clones. 

Analysis of the MOAT-C and MOAT-D Predicted Proteins. 

Comparison of the MOAT-C and MOAT-D predicted 
proteins with complete coding sequences in protein data 
bases using the BLAST program indicated that they shared 
significant similarity with several eukaryotic ABC 
transporters. Typical features of eukaryotic ABC 
transporters were present in the predicted proteins. See 
Figure 5. Overall the proteins were composed of 
hydrophobic domains containing potential transmembrane 
spanning helices and two nucleotide binding folds. 
Conserved Walker A and B ATP binding sites, as well as a 
conserved C motif, the signature sequence of ABC 
transporters, was present in the nucleotide binding folds. 
Computer assisted analysis of potential transmembrane 
helices of MOAT-C using the TMAP program (19) predicted 12 
transmembrane helices with 6 transmembrane spanning 
helices in each of two membrane spanning domains. This 6 
+ 6 (TM1-TM6 and TM7-TM12) configuration of predicted 
transmembrane helices is in agreement with topological 
models proposed for several other ABC transporters (20, 
21), and is shown in Figure 5. However, alternative 
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predictions of transmembrane segments were obtained using 
different program parameters or input sequence alignments. 
Comparison of the hydropathy profiles of MOAT-C with other 
MRP/cMOAT-related transporters (Fig. 6B) indicates that 
its structure is similar to that of MOAT-B, which also has 
two membrane spanning domains . 

In contrast to MOAT-C, hydrophobicity analysis of 
MOAT - D indicated that it has. three membrane spanning 
domains. Similar to MRP, cMOAT and the yeast cadmium 
resistance factor 1 (YCF1) , MOAT-D has an additional 
N-terminal hydrophobic domain that is not present in 
MOAT-B or MOAT-C (Figs. 5 and 6). A 5 + 6 + 6 configuration 
of transmembrane spanning helices has been proposed for 
MRP (38 ) , in which the N-terminal extension harbors 5 
transmembrane spanning helices, and 6 transmembrane 
helices are present in the second and third membrane 
spanning domain. An alignment of the MOAT-D predicted 
protein with MRP using the GAP program indicated that 
proposed MRP transmembrane spanning helices were conserved 
in MOAT-D. This 5+6+6 model for MOAT-D is shown in Fig. 5. 
Another configuration of transmembrane spanning helices 
(5+6+4) was predicted using computer assisted analysis. 
MRP has been reported to have two N- linked glycosylat ion 
sites in its N- terminus (Asn-19 and Asn-23) and another 
site located between the first and second transmembrane 
spanning helix of its third membrane spanning domain 
(Asn-1006) . The alignment of MOAT-D with MRP indicated 
that an N-terminal (Asn-21) and a distal N-glycosylat ion 
sites (Asn-1008/1009) were conserved in analogous 
positions in MOAT-D. Only the distal N-glycosylat ion site 
of MRP is conserved in MOAT-C (Asn890) (Fig. 5) and MOAT-B 4 
(Asn746/754) . 

Among ABC transporters, the degree of similarity of 
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the nucleotide binding folds is considered to be the best 
indicator of functional conservation. Comparison of the 
nucleotide binding folds of MOAT-C and MOAT-D with other 
eukaryotic ABC transporters indicated that they were most 
closely related to those of human MRP , human cMOAT and 
yeast YCF1, three transporters that have organic anions as 
substrates. As shown in Table 2, among the human 
transporters, the MOAT-C NBF1 was about equally related to 
MOAT-D, MRP and cMOAT (55-61% identity), and less similar 
to MOAT-B (49% identity). 

Table II. Amino acid identity: nucleotide binding folds 1 
and 2 of MRP/cMOAT sub-family members. 





MOAT-C 


MOAT-D 




MOAT-B 


MRP 




cMOAT 






YCFI 










% IDENTIFY 


(BNF1/NBF20) 












MOAT-C 




57.3/58. 


9 


49.3/59.1 


60.0/59.4 


61 


.3/60. 


6 


55 


.3/58/8 


MOAT-D 


57.3/58/9 






55.3/54.1 


70 . 173 . 8 


67 


.3/70. 


0 


52 


.7/61.3 


MOAT-B 


49.3/59.1 


55.3/54. 


1 




57.3/61/6 


53 


-3/55. 


3 


56 


.0/57.2 


MRP 


60.0/59.4 


70 .7/73 . 


7 


57.3/61.6 




66 


.0/73. 


1 


53 . 


.3/63.8 


CMOAT 


61/3/60. 6 


67.3/70. 


0 


53.3/55.3 


66 .0/73 . 1 








50, 


.7/61/3 


YCF1 


55.3/58.8 


52 .7/61. 


3 


56.0/57.2 


53.3/63.8 


50 


.7/61. 


3 







The MOAT-C NBF2 shared about equal amino acid identity 
with the five other transporters in this group (59-61% 
identity). Overall, the MOAT-C protein was about equally 
related to the other five transporters in this group, with 
33.1-36.5% identity. Aside from these 
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transporters, MOAT-C is most closely related to CFTR, with 
which its NBFs shared 44%/42 % identity, and SUR, with 
which its NBFs shared 49%/51% identity. 

The MOAT-D NBFs were clearly most closely related to 
those of MRP and cMOAT , with which they shared considerable 
ammo acid identity (67.3-73.8%). See Table III. of the 
latter two transporters, the MOAT-D NBFs were slightly more 
related to those of MRP . In contrast, the MOAT-D NBFs 
shared only 55.3-58.9% identity with those of MOAT-C and 
MOAT-B. Overall, MOAT-D was again most closely related to 
MRP (57.3%) and cMOAT (46.9%), but significantly more 
related to MRP. Consistent with the analysis of NBFs, 
MOAT-D was much less related to MOAT-C and MOAT-B, with 
which it shared only 33.1% and 35.3% identity, 
respectively. Alignment of the MOAT-C and MOAT-D nucleotide 
binding folds with those of other eukaryotic transporters 
is shown in Fig. 6. 

sub-faSJy meSSs 1 ^ identif ^ am ™9 MRP / cMOAT 





MOAT-C 


MOAT-D 


MOAT-B 


MRP 
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Expression Pattern of MOAT-C and MOAT-D in Human Tissues. 

To gain insight into the possible functions of MOAT-C 
and MOAT-D, their expression patterns in a variety of human 
tissues was examined by RNA blot analysis. As 
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shown in Fig. 7 (upper panels), a MOAT-C transcript of 
approximately 6.6 kB was readily detected in several 
tissues. MOAT-C transcript levels were highest in 
skeletal muscle, with intermediate levels in kidney, 
testes, heart and brain. Low levels were detected in most 
other tissues, including spleen, thymus, prostate, ovary, 
and placenta. Prolonged exposures were required for 
detection in lung and liver. MOAT - D was expressed as an 
approximately 6 kb transcript (middle panels) . Compared 
to MOAT-C, the MOAT-D expression pattern was more 
restricted. MOAT-D was highly expressed in colon and 
pancreas, with lower levels in liver and kidney. Low 
levels were detected in small intestine, placenta and 
prostate. Prolonged exposures were required to detect 
MOAT- D in testes, thymus, spleen and lung. 

Chromosomal localization of the MOAT-C and MOAT-D genes. 

The MOAT-C and MOAT-D chromosomal localizations 
were determined by fluorescence in situ hybridization. As 
shown in Figure 8, hybridization of the MOAT-C probe to 
metaphase spreads revealed specific labeling at human 
chromosome band 3q27. Fluorescent signals were detected 
on chromosome 3q in each of 22 metaphase spreads scored. 
Of 75 signals observed, 43 (57%) were on 3q. Paired (on 
sister chromatids) signals were only seen at band 3q27. 
Hybridization of the MOAT-D probe revealed specific 
labeling at human chromosome band 17q21.3. Fluorescent 
signals were detected on chromosome 17 in each of 21 
metaphase spreads scored. Of 83 signals observed, 34 
(41%) were on 17q21.3. Paired (on sister chromatids) 
signals were only seen at band 17q21.3. 
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EXAMPLE III 
Isolation of MOAT - E and MOAT - E cDNA. 

Analysis of ara, a reported cDNA sequence that 
encodes a 453 amino acid transporter, revealed that it is 
a non-physiological sequence representing a combination 
of 5' MRP sequences fused to an MRP/cMOAT- related 
transporter. The MRP sequences extend to codon 8 of the 
reported predicted protein. 

To isolate the complete physiological cDNA, a RT/PCR 
approach was employed in which primers were designed 
based upon a reported genomic sequence that encodes exons 
identical to the reported ara sequence. The MOAT- E cDNA 
was isolated in three segments. The first segment, 
spanning residues 1-616, was isolated by PCR using 5' 
primer ATGGCCGCGCCTGCTGAGC ; (SEQ ID NO: 10) and 3 ' primer 
GTCTACGACACCAGGGTCAA (SEQ ID NO: 11) . The second 
segment, spanning residues 1815-3187, was isolated by PCR 
using 5' CTGCCTGGAAGAAGTTGACC (SEQ ID NO: 12) and 3 1 
primer CTGGAATGTCCACGTCAACC (SEQ ID NO: 13) . The third 
segment, spanning residues 3158-1503, was isolated by PCR 
using 5' primer GGAGACAGACACGGTTGACG (SEQ ID NO: 14) and 
3' primer GCAGACCAGGCCTGACTCC (SEQ ID NO: 15) . The 
primer were designed based upon the nucleotide sequence 
of human genomic BAC clone CIT987SD- 962B4 . The template 
for these reactions was random-primed human kidney cDNA 
prepared from total RNA. Using this approach the 
physiological cDNA was isolated which is designated 
MOAT-E herein and set forth as Sequence I.D. No. 7. 

Analysis of the MOAT-E Predicted Protein. 

MOAT-E encodes a 1503 amino acid transporter. The 
MOAT-E predicted amino acid sequence is designated 
Sequence I . D . No . 8 . See Figure 9. Also shown is the 
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location of potential transmembrane helices (overbars), 
potential N-glycosylation site (black dot) and the two 
nucleotide binding folds (NBF1 and NBF2 ) . Walker A and B 
motifs, as well as the signature C motif of ABC 
transporters are also indicated. Comparison of MOAT-E 
with ara indicates that the ara predicted protein is not 
only a fused sequence, but also that it represents only 
446 (-30%) of the 1503 MOAT-E residues. 

Comparison of MOAT-E with the other members of the 
MRP / cMOAT subfamily, which include MRP, cMOAT, MOAT-B, 
MOAT-C and MOAT-E, is shown in Table IV. MOAT-E is 
.highly related to MOAT-D, MRP and cMOAT , with which it 
shares 39-45% identity. This high degree of identity is 
also indicated by the high percent identities of the 
nucleotide binding folds, which range from 55-61%. In 
contrast, MOAT-E is less related to MOAT-B and MOAT-C, 
with which it shares -31% and 34% identity, respectively.' 

Table IV Amino acid identity among MRP / cMOAT sub- family 
members. The bold type indicates the percent identity of 
the overall proteins, and the parentheses indicates the 
percent xdentity of the nucleotide binding 
folds . 
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•overall amino acid identifies are indicated in bold-face, and identities of 
W^ 0 nV d ^ bindin9 f ° ld _ £ 1 ™ d 2 are Seated in parentheses ^(^F1/^F2) 
percent identity was obtained using the GAP command in Che GCG package 
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Comparison of the hydropathy profile of MOAT - E with 
other members of the MRP/cMOAT subfamily if shown in 
figure 10. The data reveal that MOAT-E has a hydrophobic 
N-terminal segment that is present in its closest 
relatives, MOAT-D, MRP and cMOAT . This structural 
feature is present in all of the currently known organic 
anion transporters, .and suggests that MOAT-E may share 
substrate specificity with MRP and cMOAT . MOAT-E may 
also share the drug resistance activity of the latter two 
proteins. In contrast, MOAT - B and MOAT-C do not have 
this hydrophobic N-terminal extension. 

Expression Pattern of MOAT-E in Human Tissues. 

In a Northern blot of RNA isolated from various 
tissues, MOAT-E expression is restricted to liver and 
kidney, suggesting that MOAT-E may participate the 
excretion of substances into the urine and bile. See 
Figure 11. This figure also shows that MOAT-E is 
expressed as an -6 kB transcript. This is in contrast to 
the -2.3 kB transcript that was reported for ara, clearly 
indicating that the fused ara transcript is unique to the 
cell line from which it was isolated, and is not a 
physiological transcript. Together, the isolation of 
MOAT-E and analysis of its sequence and expression 
pattern suggest that it may be involved in cellular 
resistance to drugs and/or the excretion of drugs into 
the urine and bile. 



DISCUSSION 

The present invention discloses additional 
MRP/cMOAT- related transporters which were identified by 
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using a degenerative PCR cloning approach in which the 
conserved amino terminal ATP-binding domain of known 
eukaryotic transporters was targeted. Using this 
approach the complete coding sequences of MOAT - B , MOAT-C, 
MOAT-D and MOAT - E were obtained. MOAT - B is a protein 
whose predicted structure indicates that it is a member 
of the ABC transporter family. Comparison of the MOAT-B 
predicted protein with other transporters reveals that it 
is most closely related to MRP, cMOAT and yeast YCF1 , and 
thus extends the number of known full length MRP-related 
transporters. The similarity of MOAT-B to these 
transporters suggest that it shares a similar substrate 
specificity. Transport assays using membrane vesicle 
preparations indicate that MRP is capable of transporting 
diverse organic anions, including glutathione 
S-conjugates such as LTC 4 , oxidized glutathione, and 
glucuronidated and sulfated conjugates of steroid 
hormones and bile salts (7) . Although membrane vesicle 
transport assays of substrate specificity using 
cMOAT- transfected cells have not yet been reported, 
genetic and biochemical studies using TR- and EHBR rat 
strains, which are defective in the hepatobiliary 
excretion of glutathione and glucuronate conjugates, 
indicate that it is also an ATP-dependent transporter of 
organic anions. cMOAT, which is primarily expressed in 
the canalicular membrane of hepatocytes, has been 
reported to be absent in these rat strains, and 
hepatocyte canalicular membranes prepared from the mutant 
rats are deficient in the ATP-dependent transport of 
glutathione and glucuronate conjugates (23, 24). In 
addition, cMOAT protein has also been reported to be 
absent in the hepatocytes of patients with Dubin- Johnson 
syndrome (25) , a disorder manifested by chronic 
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conjugated hyperbilirubinemia. YCF1 , a yeast 
transporter, has also been demonstrated to transport 
glutathione complexes (26). Thus, based upon the 
similarity of MOAT - B to these three transporters, it is 
possible that it also functions to transport organic 
anions, an activity critical to the cellular 
detoxification of a wide range of xenobiotics. 

MOAT-C, MOAT - D and MOAT-E are three other 
MRP/cMOAT-related transporters. The isolation of these 
two transporters extends the number of known full length 
members of this subfamily to six. Based upon the degree 
of amino acid similarity and overall topology these six 
proteins fall into two groups. The first group is 
composed of MOAT-D, MOAT-E, MRP and cMOAT . These four 
transporters are highly related, sharing -3 9-45% amino 
acid identity. MOAT-D is more closely related to MRP 
(57% identity) than is cMOAT (48% identity) , and is 
therefore the closest known relative of MRP. in addition 
to a high degree of amino acid identity, the similarity 
between MOAT-D, MRP and cMOAT, also extends to overall 
topology. Like MRP and cMOAT, MOAT-D and MOAT-E have 
three membrane spanning domains, including an N- terminal 
hydrophobic extension that is predicted to harbor -5 
transmembrane helices, and which is absent in 
transporters such as CFTR and MDR1 . This N- terminal 
extension is also present in YCF1 , a related yeast 
transporter that transports glutathione S- conjugates , and 
SUR, a more distantly related transporter involved in the 
regulation of potassium channels. The second group of 
MRP/cMOAT- related transporters is composed of MOAT - B and 
MOAT-c. These two transporters are distinguished from the 
first group by their lower level of amino acid similarity 
and distinct topology. Like MOAT-D and MOAT-E, MOAT-B 
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and MOAT-C are more closely related to MRP (39% and 36%, 
respectively) and cMOAT (37% and 36%, respectively) than 
to other eukaryotic transporters . However, they share 
considerably less similarity with MRP, cMOAT, MOAT-D and 
MOAT-E than the latter four transporters share with each 
other (-39-45% identity) . m addition, in contrast to 
MRP, cMOAT, MOAT-D and MOAT-E, MOAT-B and MOAT-C do not 
have an N- terminal membrane spanning domain, and their 
topology is therefore more similar to many other 
eukaryotic ABC transporters that also have only two 
membrane spanning domains . 

Defining the contributions of MOAT-B, MOAT-C, MOAT-D 
and MOAT-E to cytotoxic drug resistance will facilitate 
the design of novel chemotherapeut ic agents. The 
multidrug resistance activity of MRP is well described. 
While the drug sensitivity pattern of cMOAT- trans fee ted 
cells has not yet been reported, the possibility that it 
may also confer resistance to cytotoxic drugs is 
suggested by a recent report in which transfection of a 
cMOAT antisense vector was found to enhance the 
sensitivity of a human liver cancer cell line to both 
natural product drugs and cisplatin. Since MOAT-D and 
MOAT-E are more closely related to MRP than is cMOAT , the 
possibility that they will also confer resistance is 
particularly intriguing. The availability of the MOAT-B, 
MOAT-C, MOAT-D and MOAT-E cDNAs will facilitate the 
analysis of their possible contributions to cytotoxic 



resistance 
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While certain of the preferred embodiments of the 
present invention have been described and specifically 
exemplified above, it is not intended that the invention 
be limited to such embodiments. Various modifications 
may be made thereto without departing from the scope and 
spirit of the present invention, as set forth in the 
following claims. 
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